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Abstract: 
Consumer creation of personal digital video is becoming increasingly commonplace.  
However, while video services abound, there is little information for the consumer in 
terms of how to archive and protect their recordings.  Technological change, different 
recording formats, and confusions of compatibility all make it difficult for consumers 
to make choices in terms of how to archive their video.  Thus, a website was created 
with video format data and combined with a guide on common terms and issues that 
occur with digital video backup and archival. 
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Problem: 
Digital video usage is exploding, and therefore so is the need for DV archives.  While 
there are a few professionals out there with skill and knowledge in digital archiving, 
the nature of DV is that it is a public creation.  Everyone who can afford a $100 
digital camcorder now creates digital video.  For the most part, these people do not 
have a background in digital archiving or digital video editing.  Such users expect 
digital equipment to be plug and play, even though this is rarely the case (Bly, 
Schilit, McDonald, Rosario, & Saint-Hilaire, 2006).  Instead, digital video systems 
(and digital systems in general) come with numerous incompatibilities, caveats, and 
frustrations (Abowd, Gauger, & Lachenmann, 2003, p1).  Given these issues, 
software could be created to ease the use of these technologies such as that 
described by Abowd, Gauger, & Lachenmann (2003) or information could be 
provided to users so that they can plan to use existing technologies (and pre-
existent recordings) effectively.  Research by Thong, Hong, and Tam (2004) 
discusses how ease of use influences whether or not consumers will be willing to 
utilize digital libraries.  Given that companies such as Apple, Avid, and others 
produce video creation software, and common software such as iTunes allows the 
storage/archival of video from a technical standpoint, it is the author's opinion that 
the software aspect of this problem is well served by the commercial world, whereas 
giving users an understanding of video choices and thereby making systems and 
their problems more understandable by consumers is not well served.  Information 
on video formats is often presented in a way that is not accessible to a layperson 
without sufficient video background, as evidenced by the rather technical writeup of 
2 
 
'Windows Media Video' on Wikipedia (Wikipedia, 2009). 
 
Moreover, multiple storage media, codecs, formats, etc., lead to confusion in the 
marketplace and frustration for consumers (Wolf & Wheelock, 2008, p253-254).  In a 
world that is increasingly interconnected by the web, powered by always-on and 
always-available information, this frustration and incompatibility becomes a limiter 
on the uptake and satisfaction with digital video.  As discussed by Cowie, & Marsden 
(2008), video and media production and transmission companies (film studios, cable 
companies, etc) have market incentives to stop interoperability as well as legal 
backing to do so.  Because of "network effects", consumers find products to be more 
useful when they are interoperable and others are using similar technology - yet this 
leads to market stagnation and vendor lock-in (Farrell & Klemperer 2006).  Thus, 
consumers have reason to pick products in part based on pure popularity - they 
cannot rely on other products being compatible.   In the video realm, this is 
particularly frustrating when all a person might want to do is watch a home movie - 
a movie they own and hold the rights to, yet be stopped by technical issues and 
incompatibilities. 
 
My work is to lay a foundation for solving the problem of user education, creating a 
guide and website with information helpful to the lay archivist trying to archive their 
digital video, or archive old analog recordings (like home movies) into a digital 
format.  The aim is to educate users and prepare them for the difficulties of 
navigating the current digital video arena, so that users can make the best choices 
for their archival needs.   
Background and Literature review 
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Consumer digital video archival is an exercise in creating a persistent personal digital 
video library with fail-safes to protect against data destruction or degradation.  The 
limitations of the consumer sphere in terms of available robust consumer 
software/hardware for video creation and storage, user education, willingness of 
users to purposefully create digital libraries, and the archiving of the materials once 
created all present issues.  Future issues may appear from the changing nature of 
video and especially ubiquitous streaming video that has become mainstream.   
 
Digital libraries are a natural extension of 'traditional' libraries as information storage 
and retrieval shifts from books to electronic devices.  But the precise meaning of 
"digital library", and what it means, is an object of some contention (Fox, Akscyn, 
Furuta, & Leggett, 1995).  Borgman(1999) notes that the meaning of "digital libary", 
and what exactly a digital library does, who uses it, etc. vary depending on the 
context of the writers, the users, and the assumed purpose of a digital library (p230-
231).  Borgman et al (1996), in a report to the NSF, defined the scope of digital 
libraries as so: 
"1. Digital libraries are a set of electronic resources and associated 
technical capabilities for creating, searching and using 
information. In this sense they are an extension and enhancement 
of information storage and retrieval systems that manipulate 
digital data in any medium (text, images, sounds; static or 
dynamic images) and exist in distributed  networks. The content 
of digital libraries includes data, metadata that describe various   
aspects of the data (e.g. representation, creator, owner, 
reproduction rights) and metadata   that consist of links or 
relationships to other data or metadata, whether internal or 
external   to the digital library. 
 
2. Digital libraries are constructed, collected and organized, by 
(and for) a community of users, and their functional capabilities 
support the information needs and uses of that community.  They 
are a component of communities in which individuals and groups 
interact with each other, using data, information and knowledge 
resources and systems. In this sense they are an extension, 
enhancement and integration of a variety of information 
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institutions as physical places where resources are selected, 
collected, organized, preserved and accessed in support of a user 
community. These information institutions include, among others, 
libraries, museums, archives and schools, but digital libraries also 
extend and serve other community settings, including classrooms, 
offices, laboratories, homes and public spaces." 
In the context of digital libraries containing consumer digital video archives, the 
resources involved would be home movies, video cameras, personal computers, and 
other electronics.  The community of users would naturally be the family, friends, 
and extended social network of the video creator.  Beagrie, (2005) notes that users 
are increasingly connected online, with users sharing information via web services 
like Flickr or Ourmedia.  Thus, a person's digital collection may be spread across 
many services, formats, and locations.  Beagrie (2005) also notes that such 
collections might be made available to a strict few or to everyone.  Suddenly, our 
personal digital collections are less personal.  Users are generating enormous 
amounts of information and media and making it available to everyone.  
 
As discussed in the preface to Bradley, Lei, and Blackall's work (2007), digital 
archives of video and audio used to be an expensive concern, affordable only to 
government institutions or media organizations.  However, increases in technology 
have brought digital archival to the home.  Groups, including families, often use 
archives to create a sort of shared history (Shen, Lesh, Vernier, Forlines, & Frost, 
2002 p.324) However, technology continually changes.  Bradley, et al. (2007) note 
that there is no persistent and 'correct' storage media, that storage will change over 
time, and that a flexible system that allows for migration and upgrades is necessary 
(p3).   The devices that we use to display and record video also change regularly, 
with the recent popularity of Apple's iPhone a clear example.  Balabanovic, Chu, & 
Wolff, (2000) utilized an iphone-like portable display to examine how users used 
photos, and found that users would utilize photos as part of a story-driven narrative.  
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Thus, while photos and video are becoming increasingly part of our lives and stories 
and communications, the archival and storage of that information becomes 
increasingly complex.    
 
In this space of mass creation, there is a question of how best to present and 
organize digital video libraries.  Online, there are numerous digital video projects 
operated by various companies (such as Google Video, Youtube, MSN Video, etc.) 
and also by institutions and universities.  Research is being performed on how to 
best browse and display video information (Marchionini, Wildemuth, & Geisler 2006), 
while various companies make commercial bids with their own systems. 
 
Driving the change in how videos and images are used are the users themselves.  
The younger members of the population were not alive in a time without computers, 
have used them since school, and have different expectations in dealing with 
technology and information. Prensky (2001) discusses the radical differences 
between net-gen, "digital natives" and earlier generations.  Connaway, Silipigni, 
Radford, & Williams (2009) studied the difference between generations using library 
services and "Net-gen" users value 24/7 availability of information and electronic 
access in particular (p8).   
 
While users are increasingly skilled in the use of technology, deciding which 
technology to use can still be difficult.  Nelson (1970) discusses that the way 
consumers can get information about products is to search for information (written 
or communicated by others) or to get experience with products directly (p327).  
Thus, users either have to try out many products, which is expensive both in terms 
of time and money, or they can search for the experiences of others and attempt to 
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infer a products value from those descriptions.  However, when it comes to customer 
experience, Katz & Shapiro (1994) find that the "quality" of a user's experience and 
the device they used is dependent in part upon the utilization of others, because of 
compatibility (p94).  In order to be compatible, consumers are often not just picking 
a product that best meets their needs, but one that meets the needs of a large group 
of others for both compatibility and because a product that is often used is more 
likely to be well known.  One could infer that more users means more reviews and 
other information available for discovery.  Otherwise, users run the risk of 
purchasing an item for "best" video quality, but then find that the playback is not 
supported on many devices.   
 
Making things more difficult is the task of navigating through marketing hype. 
Olshavsky & Miller (1972) note that with complex products - specifically electronics, 
overstating quality leads to favorable appraisals by users (p21).  Companies have 
reason to overplay the quality of their products because evaluating their claims is 
difficult due to the very complexity of the product.   This difficulty is exacerbated by 
the fact that archives are recordings made for FUTURE use.  Thus, utility to a 
consumer is based not on what is available now, but what will be available in the 
future. Because formats/videos created now may eventually age and die (like 
Betamax and Laserdisc), it is important for users to convert aging videos into a new 
format.  Because format conversion tends to be lossy, users should try to convert as 
little as possible (once).  The questions then are: how do I convert what I have, and 
what should I convert it into for the future? 
 
In this case, the future might lie in Cloud and network storage services and 
playback.   Services like Youtube already create a pervasive platform for sharing 
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video (with certain caveats about quality and format), but other systems provide 
more options.  Buyya, Yeo, Venugopal, Broberg,& Brandic (2009) discuss the 
growing number of cloud services and the features they represent (p602-606).  In 
their paper, they note that the market for such services is expected to be in the 
$160 billion range - a growth industry.  As the services become faster, cheaper, 
more robust, and more accessible they will inevitably move into the consumer field.  
When this happens, the storage and access will be a natural fit for the needs of 
video.   Moreover, with the availability of remote computation and storage, it is 
possible that mobile devices (currently hampered in their processing and storage 
capacity) might become a video medium of choice in an environment of cheap and 
reliable cloud services.  Another possibility would be the creation of a networked 
"Cyberall" such as that discussed by Bell (2001) - a computer memory of a person's 
entire life, captured as video indexed and searched - in a cloud environment, 
potentially by everyone.   
 
In the meantime, what tools do users have to manage their data? In 1995, 
Hjelsvold, Langørgen, Midstraum,  and Sandst described a database driven video 
archival and retrieval system, complete with metadata, annotations, and searching 
features that they called VideoSTAR.  Li, Gauch, Gauch, & Pua (1996) worked on a 
similar project, called VISION, that was based online.  In VISION, the video is fed 
into a database server and transcripts or closed captioning with keywords is used to 
index video clips (p21).   Frustratingly, many consumer level video capture cards at 
the time (including the one used by the researchers) did not read the captions, and 
they were forced to use additional software to get the information(p24).  However, 
for consumers, this level of effort would probably not be acceptable.   
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In a typical text driven database (like Google), synopses and leading text work as 
surrogates to help the user decide which results are valuable.  There is active 
research to determine what forms of surrogates work best for video search and 
retrieval systems.  Wildemuth, et al. (2002) experimented with a number of different 
potential surrogates, finding that fast-forwarded clips with audio keywords were the 
most preferred by their participants.  There is also research into different types of 
video browsing based on content and context, and the ongoing TRECVID competition 
(Yang, Wildemuth, & Marchionini 2004).  From a different angle, Shah (2008) 
presents TubeKit, which indexes Youtube.  Instead of trying to create the metadata 
directly in the system, one could allow users to add information and then harvest 
and organize the information collected.  Lastly, Oami,  Benitez, Chang,  & Dimitrova 
(2004) have done work demonstrating the ability to predict consumer interest in the 
subjects of videos based on visual data, with the aim of annotating and categorizing 
video. Such technology, if perfected, would go a long way in terms of making 
automatic indexing and retrieval easier. 
 
Sadly, to the author's knowledge, these systems are still in the domain of testing and 
academia, and are not marketed or provided for consumers to use with minimal 
knowledge. There is not a "plug and play" digital video library system for consumer 
use that has the usability of a program like itunes: The ability to easily add and index 
metadata (and usually have it created automatically), elegant indexing, and cross-
device compatibility.  Consumers seeking to archive videos must still have a basic 
understanding of video concepts and tools in order to create digital libraries of their 
personal recordings. 
Choices and Constraints 
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Given the goal of educating consumers so that they can make adequate archival 
choices, there were a few important constraints.  First, there was limited time in 
which to create the service that the users use, or populate that service with 
information.  Second, there were no funds to secure new systems.  Thus, it was 
necessary to add the information to existing services and projects.  It was decided to 
therefore use the VidArch project services and eventually the VidArch Exchange site 
running on Drupal. 
 
Choices had to be made regarding how to present and collect information for users.  
Two approaches to attacking the twin problems of information collection and 
organization were considered.  The first consideration was the creation of a wiki-
based system for users to fill out themselves.  This solution had a few problems:  it 
is prone to vandalism, misinformation and 'product placement' by companies with a 
vested interest in consumer choices.  This solution also has the downside of 
potentially languishing: without enough users, there is no information and without 
information, there would be no users.  Finally, this option would require either a 
modification or a split of the current vidarch site where this information was to be 
hosted.  For these reasons, this plan was discarded. 
 
The second plan was to use the current vidarch site and load the relevant 
information into it.  While loosing the potential advantage of heavy user involvement 
and community, this plan did not have the downsides of the wiki.  The information 
could be loaded onto the site directly, where users could use it as needed.  In 
addition, a guide would be created to walk users through typical video archival tasks, 
and prepare them with descriptions of the various terms that they might encounter 
working with video.  This would prepare users with the necessary knowledge to make 
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choices in context. 
 
This system was intended for consumers and therefore it was decided to limit the 
number of choices and descriptions to a reasonable number of the most common 
digital formats.  While there are a tremendous number of specialty formats, only a 
few formats are commonly used in the consumer realm.  Moreover, because 
consumers are unlikely to invest in specialty equipment for recording or playback, 
this information was gathered with the intent of helping the consumer to standardize 
on formats that would be ubiquitous, inexpensive, and have easy to find and highly 
compatible playback hardware and software. 
Methods 
This project had three distinct parts:  selection of formats and devices, the addition 
of those formats to the website, and the creation of a guide discussing the formats 
and their use for consumer video archival. 
Selection of Formats. 
The first part of the project was selecting formats to enter into the database and to 
add to the written guide.   Because the goal was to create a guide to common 
consumer videos, formats were selected based on real world usage.  Moreover, 
because web video is becoming more common and more integral to the consumer 
video experience, formats common on the web were particularly represented.  For a 
starting list, the formats on the "Digital Video" page of wikipedia were added 
("Digital Video", 2009).   In addition to these formats, a few sub-formats were 
added, such as Matroska (Matroska, 2009), Flash ("Flash" 2009), RealVideo 
("RealVideo", 2009), and Windows Media Video ("Windows Media Video", 2009).  
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Technical information about these formats was generally retrieved from Wikipedia 
and Pronom.   
Website data 
The website is located at: http://www.ibiblio.org/vidarch/exchange/ 
Because the website had been created for a previous video archival project, there 
already existed functionality to add video formats to an online database.   For each 
format the name of the format, developer/license holder, description, technical 
documentation, and online resources were collected. Compared to the written guide, 
the information is more technical and less suggestive.  Users were presumed to have 
either read the guide or to have enough understanding to make use of the 
information directly.  Most information in this database came from Wikipedia, 
Pronom, vendor publications, and the professional experience of the author.   
Creation of the Guide 
The guide was more complex to write than adding information to the website.  With 
a website, the order and access of information is determined primarily by the user.  
With the guide the structure was more linear.   The guide also held more 
information, as it was meant to be a primer for the various tasks that a user might 
attempt in archiving video.  Various scenarios were imagined, listed below. 
 
Possible Scenarios: 
• Home Movie Conversion from Analog Tape to Digital Video 
• Saving a file from Youtube  
• Creating a Video of an Important Event for Sharing 
• Restoring Damaged Digital Media 
• Avoiding Digital Video Degradation Over Time   
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• Backup of home-movie DVDs 
• Storing digital video 
 
Each of these scenarios was documented, using primarily web available resources.  
The goal was to allow someone who had enough understanding to operate a low to 
medium grade consumer digital camcorder to make appropriate choices for archival. 
 
    As an aid to potential users, common video/image terms such as bitrate, 
resolution, etc, were added to a "common terms" list and defined.  Practical notes 
were added, such as the different ways of measuring or understanding video quality.   
 
    Because there are no longer cassette tape cases to write on, metadata notes were 
added.  In this case, there was the challenge of deciding what metadata should be 
included, and how to include it.  Different video formats and media playback systems 
allow for varying amounts of metadata.   For this reason, putting metadata into a 
video's filename is suggested, with a sample format included.  Filenames are search-
able and browse-able without special software and are compatible across most 
operating systems. Because filenames have existed for about as long as computers, 
continuing to be used despite vast changes in the rest of operating system design, 
such metadata-as-filename schemes are likely as future proof as any other solution. 
 
    The guide also devotes a section to the various sources of digital video, and how 
each source should be handled in order to create archived video.  Sources include 
online streaming video (such as from youtube), existing DV files, burned DVDs, and 
old analog cassette that need to be converted. 
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    Like the website, the guide lists and describes common digital video formats.  The 
guide covers common 'problems' with video files, such as damaged or corrupted 
files, and there is a section devoted to best practices for the creation, transcoding, 
and storage of digital video files.  With this information, most users should be able to 
make competent choices in dealing with their video. 
 
    Finally, there is a section of additional resources or reading, in case consumers 
desire or need more information.   
   
Challenges 
    The field of digital video continues to change rapidly.  In the last few decades, a 
number of digital formats have come and gone and the rise of internet streaming 
video and internet archival continue to change how users create, store, and interact 
with video.  Services such as Youtube and Amazon's cloud backup services point to 
future growth of online storage and archival of videos.   
    Nevertheless, predicting the future is difficult.  Current trends may continue, or 
new technologies may completely reshape how we interact with video once again.  In 
this environment, writing a guide to video archival for consumers that is both current 
and prepares their collections for the future is difficult and always somewhat of a 
gamble.  For instance, Cnet.com created a guide to converting VHS tapes to DVD 
(Cnet, 2009).  Yet, DVD is ill suited to online transmission, making home movies 
hard to send to distant relatives.  And while DVD is likely to be around for a while, it 
is a lossy format (resulting in quality loss) that will be eventually replaced by blue-
ray or some other future successor.  When this happens DVD players, like VHS and 
Laserdisc players, will eventually fade and cease to be produced.   
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    Another challenge faced is the lack of awareness or interest in *consumer* digital 
archives.  The word archival itself tends to denote institutional repositories or 
libraries, not home movies.  In the past, consumer video archiving might have been 
well-labeled VHS tapes.  Now, the image of 'consumer video archives' is not so 
clear.  Little research has been done on how consumers archive modern digital 
video.  Do they put it on the web, a portable hard drive, or both?  It seems likely 
that the lack of research comes from a lack of awareness of the issue on the part of 
both researchers and consumer electronics companies.  Moreover, because 
consumers are aware of the issues with incompatible formats (as indicated by the 
recent HD-DVD and Bluetooth battle), they may be hesitant to purchase archival 
products unless those products are well supported and ubiquitous.  This creates a 
chicken and egg problem, where new technologies for home video archiving are not 
used because they are either non-ubiquitous, or, by the time they are commonplace 
they are no longer cutting edge and therefore seen as risking obsolescense.  
 
    Another challenge is dealing with the potential issues of DRM (digital rights 
management) restricted video owned by consumers.  Commercial DVDs are often 
encoded with CSS encryption and while consumers may technically make fair use 
backups of their own video, breaking the encryption in order to do so is illegal.  The 
Electronic Frontier Foundation (2009) discusses the potential of DRM to prevent 
consumers from fully using their own videos.  Consumers could be blocked from 
making backups, transmitting copies to friends and loved ones, etc.  While it is 
unlikely that consumer companies would purposefully block such activities in home 
movies, a glitch or error in the implementation of DRM could have that effect.  While 
consumers might sue or leave to competitors, the damage would be done and the 
video lost. 
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Future Work 
 
    This project and the challenges faced have revealed many avenues for future 
research and experimentation.  First, there is the question of whether or not the 
guide and website alter consumer behavior in terms of choosing video products or 
archiving their creations.  How does archival quality compare to such things as image 
quality or file size in terms of consumer priorities?   
 
    Another possiblity for future work is to move the information onto a wiki.  With a 
large enough user base, the information could be maintained and updated by the 
community.  Or, the information in this registry could be sited as a source for 
wikipedia, bringing in that large user base.  Such a connection would likely greatly 
increase the number of users and web visibility. 
 
    Extending this work further would be the creation of auto-archival software or 
plugins for common video editing systems.  Such plugins would allow users to 
simultaneously create the newest and 'best' form of a video and let the archival 
software create another copy that is encoded in open, highly ubiquitous codecs and 
that automatically adds the video to a cloud service or more standard backup (such 
as an external hard drive). 
 
   There remains the question of what would truly constitute a 'secure' archival 
method for consumers:  Online services die, hard drives crash, and optical media 
fail.  Multiple locations and formats mitigate these disasters somewhat, but at the 
expense of making backups more time consuming, more difficult, and harder to 
track.  As an extension of this, there is still some question about the effectiveness of 
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"cloud computing" backups.  Are these adequate for consumers long term?  Are the 
cost effective?  Currently, it is possible to host video (at low quality) on youtube for 
free, and restrict the content to certain users.  Does youtube's service fit the bill for 
most consumer needs?    
 
    If the guide and website are found useful and helpful, the information could be 
transformed into an interactive web application.  The application could ask the user 
questions about their needs, and then provide suggestions about how to proceed, 
software to acquire, etc.  
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Introduction to Digital Video 
Typical DV Archival Solutions 
Common Terms in Digital Video (DV) 
Sources of Digital Video 
Common Formats 
Common issues with Digital Video Archival  
Recommended Practices 
Important Metadata (Video Notes and Categories)  
Other Resources and Reading 
  
1.1 Introduction 
In the last decade, digital video has gone from an expensive professional option 
reserved for movie studios and television stations to a feature found on mass market 
$50 cell phones.  With the explosion of digital video offerings on web services such 
as YouTube and Hulu, people have access to a wide variety of DV content anywhere, 
any time.  
 
Simultaneous with the rise of digital video as a recording and playback method, 
there has been a proliferation of video editing and encoding software and an 
explosion of digital formats and standards. In the previous analog generation, 
consumers had two choices: VHS or Beta.  Choosing the correct video standard was 
as simple as matching the size of a cassette to the opening on the VCR at home.  In 
the new realm of digital video, finding the correct tool is nowhere near as simple, 
intuitive, or clear cut.  The upside to the vast number of digital options is that 
consumers can find video formats for any purpose, from lightweight, low quality 
video for cellphones to high-end lossless cinema display formats.   
 
For the archivist, this proliferation of formats presents a problem:  How to best 
archive video? - given that many works are created in formats meant to be transient 
vehicles of entertainment or communication.   
 
The purpose of this guide is to help answer this question and a few others.  
Specifically, this guide will discuss the most common DV formats (at the time of 
writing) and provide background and suggestions to guide the archivist in handling 
digital media. 
 
In this guide, information comes from either Wikipedia, or the author’s professional 
experience.  As time passes, some information may become out of date. 
     
1.2 Common Terms in Digital Media 
Working with digital video and digital media involves knowing a number of technical 
terms used to describe digital formats and storage.  While there are a large number 
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of such terms and they cannot all be covered here, the most common and most 
useful are discussed below. 
 
1.2.1 Bitrate:  
A video’s “Bitrate” is a measure of how many bits (or kilobits) is used by the video 
per second.   Within a format, a video with a higher bitrate will take up more space 
than a similar video (in terms of length, resolution, etc) with a lower bitrate.  In 
many cases, bitrate is used as a measure of video accuracy though such usage is 
highly inaccurate.   Despite the inaccuracy, bitrate is used as a quality measure 
because:  1. Videos with a higher bitrate tend to appear sharper and more accurate, 
and 2. Video quality is a somewhat subjective measure and bitrate (along with 
resolution) gives an impartial measurement that can be compared across and 
between videos.  It should be noted that bitrate used in this manner is only 
comparable between videos of the same format.   
Bitrate is also relevant for video playback.  Some devices or software will only play 
back video within a certain range of bitrates.  For instance, a device may specify that 
it will play back MPEG-4 video between 200 and 800kbps.  A video that was encoded 
(see codec) outside of this range may lay incorrectly or not at all. 
 
1.2.2 Streaming 
Certain video formats (or versions of formats) may be streaming. A video is 
considered streaming if it can be played back ‘on the fly’, meaning not fully 
downloaded.  For instance, a video that is 100mb in size that is streaming may be 
able to start playing with only 1MB downloaded.  As the video plays, the rest is 
downloaded.  The result is a video format that can be played on-demand.  A user can 
request the video and start watching immediately while the rest “steams” in the 
background.  Most formats common to the internet are streaming or have a 
streaming version available.  In situations where the complete video file is always 
available and does not need to be transmitted over the internet in real-time, 
streaming capacity is generally not an important consideration. 
 
1.2.3 Codec 
Codec is short for “Encoder-decoder”.   In many cases, the word ‘codec’ is 
synonymous with the word ‘format’ even though they are not strictly the same.  A 
codec is used to create or read a format, it is not the format itself.   In many cases, 
consumers are told to download or install a ‘codec’ and they are given only the 
decoder piece – for playback.  Many companies give away decoding software for 
free, but charge for the software to create files.  Apple Quicktime is a common 
example.  If a certain format is necessary, it is often possible to find free alternative 
encoders that produce files compatible with the official decoder and devices.   
 
1.2.4 Aspect ratio 
Aspect ratio is related to a video’s visual size.  See resolution for more details on 
visual size.  A video’s aspect ratio is the visual proportion, width:height.  Thus, a 4:3 
(sometimes written as 4x3) aspect ratio video is 1/3 wider than it is tall.  Common 
aspect ratios are: 4:3 for standard TV, 16:9 for widescreen TV and DVD, 21x9 – for 
certain very widescreen cinema releases,  and 1.85:1 – another widescreen format 
used by some movies. 
It is important to note that outside of standard television 4x3, there is no “standard” 
aspect ratio for video.  Movies have had aspect ratios of 1.66:1, 1.85:1, 2.20:1, and 
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2.39:1, among others.  DVDs and digital HDTV broadcast are compromising at 
1.78:1, and this may become the next “standard” aspect ratio in the future.   
 
1.2.5 Resolution 
Resolution is a description of a video’s visual area.  It is usually specified in a form 
such as 800x600, meaning 800 pixels wide by 600 pixels tall.  See Aspect Ratio.  
Often, the aspect ratio of a video is determinable from the resolution, but the 
reverse is not true.   Resolution is an important factor in a video’s visual quality.  
Higher resolution videos typically appear richer and sharper.  Whether or not a video 
appears sharp depends on the video’s bitrate.  See Bitrate. 
 
1.2.6 Length 
A video’s length is simply the amount of time a video takes to play from beginning to 
end at standard speed. 
 
1.2.7 Frame Rate 
Frame rate is a description of how often individual frames are displayed during 
playback.  Videos are generally composed of individual images played at high speed 
to simulate motion.  In fact, each frame is still and the appearance of motion when 
viewing video is an optical illusion.  Higher frame rates result in more fluid and more 
natural motion.  Generally, frame rate is determined when video or film is first 
recorded, though it can be manipulated later. 
 
1.3 Sources of Digital Video 
In the context of archival, the source of digital video is almost always pre-existing 
recordings.  Unlike fresh recordings, the archivist often has little control over the 
original state, form, or quality of the materials they are given for archival.  With that 
context in mind, typical sources of DV and information helpful for archival is below. 
1.3.1 VHS/Beta Tapes 
Old magnetic tapes are often converted to DV in order to stave off long term 
degradation.   As magnetic tapes age, they can suffer a variety of damage that leads 
to long term storage failure.  Converting these tapes to digital video is a means of 
preserving the information.   
                Handling: 
There are a few principles that should be followed in the conversion and 
storage of magnetic tape video.  First, it is vital that the best available 
playback device is used in order to insure the best possible source image for 
digital conversion.  Video quality is difficult to impossible to improve later in 
the process, so the importance of quality playback equipment should not be 
overlooked.  Second, and for the same reasons, a high-quality capture device 
should be used.  This generally means a machine with good color accuracy 
and sufficient speed to not stutter when recording.  Third, the video should be 
captured to a “lossless” format, such as some of the internal formats used by 
Avid and Final Cut Pro.   Lastly, depending on your archival needs, the video 
should either be converted into a common lossless format, or into a high-
quality “common” format, such as MPEG-4.  
1.3.2 Online Video 
Online video is a new and rapidly growing area of DV production.  Many new 
consumer camcorders can produce video specifically for online services such as 
YouTube.  Thankfully, despite the tremendous amount of video available most is 
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recorded in only a few formats: Flash video, Apple Quicktime, Windows Media Video, 
and Microsoft Silverlight. 
                Handling: 
Of the common online formats, only Flash, and Silverlight were specifically 
designed with online viewing in a browser in mind.  The other formats can be 
handled with the information in “pre-existing digital video recordings” below.  
Flash and Silverlight are themselves frameworks for developing web 
applications and as part of this mission, each contains a video component.  
Flash and Silverlight each provide container formats for storing video. In 
Silverlight, this video is always in WMV format, while in Flash a number of 
formats can be used.  In order to archive Flash or Silverlight video, the first 
step is to separate the video from the application.  There are browser plugins 
that can do this.  A web search should turn up a number of these tools.  The 
second step is to decide whether or not to change formats.  In most cases, 
the answer should be no, as format changes typically lead to a loss of 
quality.  If a format change is unneeded, follow your institution’s procedures 
for filing the video.   
 
1.3.3 Pre-Existing Digital Video 
Sometimes it is necessary to archive video that is already in a readily accessible DV 
format.  In most cases, this video should be archived without modification.  In some 
cases, it may be desirable to change formats for reasons of playback device 
availability or because of other requirements (such as streaming support).  In these 
cases, the highest quality settings viable (based on storage space or device support) 
should be used.  Some devices only accept a certain maximum level of quality.  
Check the documentation of your playback device for those details. 
 
1.4 Common Formats for Digital Video 
The vast bulk of digital video is encoded into a few common formats.   
 
1.4.1 Apple Quicktime 
Apple’s Quicktime (.mov) is a multimedia container format that is especially suited to 
editing.  Quicktime was used as the basis for the MPEG-4, meaning that most 
software capable of reading Quicktime can also read MPEG-4 (though not the other 
way around).   
 
1.4.2 Flash Video 
Flash video (.flv, .f4v) is the name of a container format used in online streaming 
flash video.  The older, more common version (.flv) is the one used in the SWF files 
created for online applications.  The newer version (.f4v) is derived from the ISO 
base format and is therefore related to MPEG-4 formats.  The Flash Video container 
format typically holds material encoded with VP6 or Sorenson codecs, with later 
versions compatible with H.264.  These formats are proprietary even though the .flv 
container is open and documented.  However, due to the ubiquitousness of Flash 
Video online, there are a large number of playback devices.  Because Flash Video 
contains proprietary formats, archivists should consider transcription to an open 
format dependent on their archival needs. 
 
1.4.3 Matroska 
Matroska (.mkv, .mka) is another container format.  It is most commonly used for 
online bootleg copies of TV & Film.  
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1.4.4 MPEG-1 
MPEG-1 (.mpeg, .mpg) is a lossy standard released in 1992 designed to compress 
VHS quality video with acceptable quality at 1.5Mbit/s.  It is the most widely 
supported/compatible video format in the world, and the wildly prevalent .mp3 audio 
format is part of the specification.  Currently, the video portion of MPEG-1 is not only 
open but completely free of extant patents.  Sadly, the quality/size ratio of MPEG-1 
is vastly inferior to modern MPEG-4 recordings.  However, there are still a large 
number of recordings created in MPEG-1, especially in Asia, where the format was 
used in the creation of Video CDs.   
 
1.4.5 MPEG-2 
MPEG-2 is a follow up format to MPEG-1 and is fully backwards compatible, meaning 
any MPEG-2 capable player can play MPEG-1 automatically.   Like MPEG-1, MPEG-2 
was designed to store movies and video information in commonly available storage 
formats.  In the case of MPEG-1, this was CD, for MPEG-2, it is DVD.  MPEG-2 is the 
video format used in all commercial DVD videos.   Unlike MPEG-1, MPEG-2  is heavily 
patent encumbered, and creation legal encoders requires paying patent licensing 
fees.  Typically, Mpeg-2 video is not contained into a single file, but instead is divided 
into pieces as in DVD production.  Similarly, audio stream files are typically in 
separate files from the video streams, unlike MPEG-1, MPEG-4, and most other DV 
formats. 
 
1.4.6 MPEG-4 
MPEG-4(.mp4) is a container format that can contain a number of video and audio 
streams.  MPEG-4 also contains support for rarely used features such as VRML 3D 
rendering.  The nature of the MPEG-4 format is that it is divided into multiple ‘parts’ 
and devices that purport to be MPEG-4 capable may only support a few of these 
‘parts’.  If the ‘parts’ used do not match between devices, playback issues can occur. 
Thus, video created in MPEG-4 by one device may not play on another MPEG-4 
device, even though both advertise MPEG-4 compatibility.  Despite this, the MPEG-4 
container is heavily supported, and most common video streams will play across 
devices. 
 
1.4.7 RealVideo 
RealVideo(.rm, .rmvb) was an early player in online streaming video. Early versions 
of RealVideo were based on the common H.263 codec (this codec had many 
proprietary variants) until version 8, where it switched to an entirely proprietary 
codec.  Since then, each version has brought improvements, but all formats are 
closed.  Real Networks, owners of the format, have not made available open 
software.  Because of limited playback options or open documentation, it is generally 
best to copy a RealVideo stream to a second, open format for archival.  Because of 
potential quality loss in the conversion, both versions should be stored if possible.  
 
1.4.8 Windows Media Video 
Windows Media Video (.wmv, .asf) is a video format developed by Microsoft and was 
built based on their version of MPEG-4 part 2.  Windows Media Video is actually a 
family of codecs, starting with WMV 7.  Later versions of WMV can play earlier 
versions, but not vice-versa, so a device compatible with WMV9 can generally play 
WMV 7.  WMV is the video format used in Silverlight applications and is a common 
format used on Windows mobile devices.  Because WMV is a proprietary format, 
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archivists should consider transcription to an open format dependent on their 
archival needs. 
 
1.5 Common Issues with Digital Video Archival 
Archivists seeking to collect and curate DV materials often run into the same issues 
repeatedly.  Here is a description of common issues with DV and possible remedies. 
 
1.5.1 Lack of playback devices 
Due to the vast number of digital formats developed over the years, it is highly likely 
that an archivist will come across a file for which they do not have an available 
playback device.  This situation is most common in the case of specialized, 
proprietary codecs.  Assuming the archivist knows the format of the video, the next 
step is to try and contact the manufacturer/creator and see if there are converters or 
compatibility packs.  If no such software is available, or the creator no longer exists, 
the next step is to try and locate a working player that can be borrowed.  In such 
cases, the video should be converted to an open format as soon as possible.  As a 
pre-emptive move, strongly encourage all users/sources to utilize only open, patent 
free, and DRM free formats (where possible).  If none of these solutions are 
available, there are two options: archive as best as possible until a playback device 
is found, or have custom playback software developed. 
 
1.5.2 Protected Video 
In many cases, video is protected by various forms of Digital Rights Management 
software or encryption.  This can create a serious issue for Archivists because while 
making copies for archival is generally legal, breaking encryption to do so is not.  In 
most cases, software to break encryption is available, but you will need to check with 
your institution’s legal team to determine your ability to do so.  In cases where 
restrictions cannot be legally or technically removed, the best practice is to archive 
the format until an unrestricted version can be found, and maintain access to a 
licensed playback device.  An institution that routinely archives restricted files should 
pro-actively seek out legal unrestricted versions to use as the source for archival. 
 
1.5.3 Video is in an unknown format 
This situation is common with rare, specialized, and proprietary formats.  There are a 
few pieces of video playback/encoding software that have vast format support.  In 
particular, VLC and ffmpeg  have large internal format libraries and can often auto-
detect the format of a video.  In the cases where these programs cannot detect the 
video format, it is possible to greatly narrow down the possibilities.  At this point, it 
is productive to investigate the source and history of the recording as best as 
possible.  Often, the time (year) and circumstances of recoding can help indicate 
possible sources and codecs. 
 
1.5.4 Video is damaged 
If a digital video file is damaged, it can often be repaired using various free software 
programs that can be found online.  Links to a few are in the Resources section.  In 
some cases, the full file can be recovered, while in more extreme cases the damaged 
sections may be missing, but playback can be restored to the remaining sections.  In 
the case of damaged analog video, there is often little to be done without great 
expense.  Best practices should be followed for the conversion, and 
complete/undamaged copies should be sought out.  Conversion should be done as 
soon as possible to prevent further damage and degradation. 
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1.5.5 Video is low quality 
Quality is a subjective term, so this can mean a few things.  Typically, people 
perceive a video as ‘low quality’ when there is a lack of detail, color accuracy, or 
errors in timing and audio.  Of these, restoring lost detail is often the most difficult.  
There are computer programs and plugins for major video editing systems that can 
assist in restoring quality.  A skilled technician should handle such restorations.  In 
the case of color issues, this can usually be fixed easily by boosting certain colors or 
adjusting the color palette of the entire video.  This procedure is done in video 
editing software as well.  Adjustments to timing and audio should be performed by a 
skilled technician.   In the case of audio lag or advance (sound playing consistently 
earlier or later than it should compared to video), an adjustment can be made in 
software to fix this. 
 
1.5.6 Video plays incorrectly 
This category includes issues such as video playing without audio, audio playing 
without video, and video playing but with reverse colors or similar consistent 
defects.  First, check for damage to the audio or video file.  Second, test the video on 
various makes and models of playback devices.  If the video works well on some 
devices but not others, then there is likely a subtle codec incompatibility. If colors 
are reversed or similar entire-screen issues occur, the video may be encoded with an 
incorrect FourCC code.  Either find someone familiar with video editing to fix this 
problem, or spend some time reading tutorials online. Fixing this issue can require 
low-level alteration of the video binary. 
 
1.5.7 Video is in an unknown format 
Often the file extension, such as .avi, is not sufficient to determine the format of a 
video.  Most modern ‘formats’ are actually container files that can hold video in a 
variety of forms.  Try using playback software, such as VLC, that has wide format 
support.  In most software of this type, there is a command or menu option that will 
give you file information.  More often than not, the format/codec will be listed there. 
 
1.5.8 Video plays on some devices that support the format, but not others. 
Assuming the playback software/devices are working perfectly, this issue is almost 
certainly a subtle codec incompatibility, and occurs most often with .avi and .msk 
files.   
  
 
